Four-day-old etiolated cucumber cotyledons (Cucumis sativus, L.) were excised and allowed to green in white fluorescent light at 28 C. Cotyledons excised with a full hypocotyl hook exhibited a lag phase of 1 hour before entering the rapid greening phase, whereas cotyledons excised without any hypocotyl hook exhibited a lag phase of 6 hours. Cotyledons excised with varying lengths of hypocotyl hook accumulated chlorophyll roughly in proportion to the hook length. When cotyledons were excised with a full hook and were partially or totally shielded from light with aluminum foil, the samples with the hook covered accumulated more chlorophyll than the wholly exposed samples. The samples with the cotyledons covered showed no net accumulation of chlorophyll irrespective of hook's exposure to light. These data suggest the contribution of some factor or factors by the hypocotyl hook which reduce the lag phase during greening.
more chlorophyll than the wholly exposed samples. The samples with the cotyledons covered showed no net accumulation of chlorophyll irrespective of hook's exposure to light. These data suggest the contribution of some factor or factors by the hypocotyl hook which reduce the lag phase during greening.
It has been reported (4, 6, 7) that upon exposure of etiolated leaves (or cotyledons) to continuous white light protochlorophyllide is rapidly converted to chlorophyllide. During the next few hours of continuous illumination little new chlorophyll is accumulated, and this is referred to as the "lag phase." The lag phase is usually followed by a phase of rapid chlorophyll accumulation. Factors such as light pretreatment (3, (8) (9) (10) , age (1, 4, 6) , substrates (6, 11) , and the presence of attached cotyledons (6, 11) have been found to influence the length of this lag phase. It is the purpose of this paper to report on the effect of the hypocotyl hook on 2The term "hypocotyl hook" is not used in a strict morphological sense but includes beside the hypocotyl proper, the cotyledonary petioles, the epicotyl, and the plumule. However, the petioles, the epicotyl, and the plumule are very small in a 4-day-old cucumber seedling, compared to the hypocotyl.
Pyrex tray, moistened with 1 liter of distilled water, and covered with filter paper. The seeds were evenly distributed over the moist filter paper and covered with an inverted Pyrex tray. They were germinated in the dark at 24 C for 4 days. The cotyledons were severed from the hypocotyl with varying lengths of hypocotyl hook2 or were carefully broken off with tweezers in such a way that no portion of hypocotyl or epicotyl tissue remained attached to the cotyledons. Figure 1 shows the various lengths of hypocotyl hooks that were excised with the cotyledons. The excised cotyledons were placed in 50-ml beakers containing 2.5 ml of deionized distilled water. These manipulations were performed under a weak green light ineffective in the phototransformation of protochlorophyllide to chlorophyllide.
Light Treatment. Twenty-five excised cotyledon pairs were incubated at 28 C under 240 ft-c of fluorescent white light (G.E. Cool White). The cotyledons were mildly agitated in the water bath to insure uniform exposure to light. After various incubation periods the cotyledons were assayed for chlorophyll.
Chlorophyll Determinations. The cotyledons were blotted with filter paper to remove excess water, and if portions of the hypocotyl hook were present they were removed so that only the cotyledons were extracted. The twenty-five cotyledon pairs were ground with a power driven, ice-jacketed Ten-Broeck homogenizer equipped with a Teflon pestle, in 15 ml of 85% acetone containing a pinch of MgCO3. The homogenate was centrifuged at 37,000g for 10 min, the supernatant was decanted, and the pellet was resuspended in 4 ml of 80%0 acetone and centrifuged at 37,000g for 10 min. The supernatant and washing were combined and their volume was adjusted to 25 ml with 80% acetone, or they were transferred to ether (4) and their volume was adjusted to 25 ml with ether. The absorbance was determined at 663, 652, and 645 nm on the acetone extracts and at 663, 644, and 624 nm on the ether extracts. Cells of 1-cm and 5-cm internal lengths were used. All samples were read with a Zeiss PMQ II spectrophotometer and were corrected for light scattering (5) . The total amount of chlorophyll (a + b) in the acetone extracts was determined by the equation of Arnon (2), and the protochlorophyllide, chlorophyll a, and chlorophyll b contents of the ether extracts were calculated according to Rebeiz (4) .
RESULTS
Effect of the Hypocotyl Hook on Greening. When etiolated cucumber cotyledons with full hypocotyl hook and without hook were exposed to continuous white light, they exhibited no difference in chlorophyll content during the 1st hr of greening (Fig. 2) . However, by the end of the 2nd hr the cotyledons with hooks were out of the lag phase and undergoing rapid chlorophyll accumulation, while the cotyledons without hooks were still in the lag phase. The cotyledons without hooks remained in the lag phase for 6 hr and by 7.5 hr they had just entered the chlorophyll accumulation phase. At the final reading (7.5 hr) the cotyledons with hooks had accumulated 9 times as much chlorophyll as the HARDY, CASTELFRANCO, AND REBEIZ cotyledons without hooks. A 6-hr point is indicated on Figure  2 for etiolated seedlings of the same age exposed to the same treatment as the excised cotyledons. It appears that the amount of chlorophyll accumulated by the cotyledons in the intact plant is essentially the same as the amount accumulated by the cotyledons with full hook (Fig. 2) .
Effect of Hypocotyl Hook Length on Chlorophyll Accumulation. Cotyledons with full hypocotyl hook, half-hook, stub, and no hook (Fig. 1) were exposed to continuous white light for 5 hr. Table I shows that the total amount of chlorophyll accumulated by the cotyledons varied directly with the amount of hook tissue attached to the cotyledons. (Table II) . Chlorophyll accumulation is greater when the hook is covered than when both cotyledons and hooks are exposed to light (Table II) . The chlorophyll content of the cotyledons which were covered but had the hook exposed is probably due to light leakage during the incubation converting some of the initial protochlorophyllide to chlorophyll; however, no significant chlorophyll accumulation was observed. The sample which was completely wrapped in aluminum foil showed no chlorophyll accumulation in the cotyledons. From the data in Table II we conclude that (a) the cotyledons must be exposed to light for chlorophyll accumulation to occur; (b) the hook does not require exposure to light to exert its influence on chlorophyll accumulation in the cotyledons; and (c) chlorophyll accumulation is actually more pronounced if the hooks are covered.
DISCUSSION
Our data clearly indicate that the presence or absence of the hypocotyl hook exerts a profound influence upon the length of the lag phase and chlorophyll accumulation in the cotyledons. Cotyledons with full hook respond to light to the same extent as intact seedlings, with respect to greening (Fig. 2) ; therefore, nothing seems to be contributed from below the hook that stimulates chlorophyll formation in the cotyledons.
The amount of chlorophyll accumulated by the cotyledons during a 5-hr incubation varied directly with the amount of "hypocotyl hook" left on the cotyledons (Table I) . It has been pointed out that the term "hypocotyl hook" used in this article includes beside the hypocotyl proper also the cotyledonary petioles, the epicotyl, and the plumule. These latter tissues are very small and are all three included in the "hook stub" (Fig. 1, Table I ); the rest of the hypocotyl hook consists of hypocotyl tissue in the proper morphological sense. In referring back to Table I , we cannot say whether the difference in chlorophyll accumulated by cotyledons with hook stub (45.8 ig/g fresh wt) and those with no hook (16.0 ,ug/g fresh wt) is an expression of the hypocotyl, the petioles, the epicotyl, or the plumules. However, the difference between the chlorophyll accumulated by cotyledons with full hook (106.8 yg/g fresh wt) and those with hook stub (45.8 ,ug/g fresh wt) is without any question an expression of the effect of the hypocotyl tissue in a true morphological sense.
In the shielding experiment (Table II) whenever the cotyledons were exposed to light they accumulated chlorophyll. The small amount of chlorophyll in the cotyledons that were covered with aluminum foil, but had the hook exposed, is probably derived from the photoconversion of the protochlorophyllide which was initially present in the etiolated cotyledons. Probably enough light leaked around the aluminum foil seal to promote this transformation; it is important to note, however, that no significant net gain of chlorophyll occurred unless the cotyledons themselves were exposed to light. Therefore, it seems that the cotyledons require light for chlorophyll accumulation while the hypocotyl hook does not require light to exert its synergistic effect on the cotyledon system; actually, the hypocotyl hook effect seems more pronounced when the hook is covered (Table II) .
In comparing the cucumber cotyledon system with other systems which have been described in the literature, it is important to bear in mind that cucumber cotyledons not only are food storage organs but develop into true photosynthetic leaves upon exposure to light. They differ also from other systems commonly used in greening studies, i.e., etiolated pea, bean, barley seedlings, and the like, in that the former contain the food reserves which are necessary for the conversion of an etiolated into a photosynthetic tissue, while the latter are dependent upon the reserve materials in the cotyledons or endosperm.
A synergistic effect, which may bear some similarity to the one described by us, was noticed in etiolated bean seedlings by Wolff and Price (11) and by Sisler and Klein (6) . In their system the cotyledons do not expand into true leaves, but the primary leaves become the first functional photosynthetic leaves of the bean plant and are therefore analogous to the cotyledons of the cucumber plant. Both groups of workers reported that the attached cotyledons exert a positive influence on chlorophyll accumulation in the etiolated primary leaves. Wolff and Price (11) interpreted this synergism as a generic effect of nutrients coming from the cotyledonary reserves, while Sisler and Klein (6) implicated the production of 6-aminolevulinic acid by the cotyledons.
Our data do not permit us to speculate about the specific nature of the "factor(s)" contributed by the hypocotyl hook. However, since most of the food reserves of the cucumber seedlings are stored in the cotyledons, it appears unlikely that the hypocotyl hook "factor" is a general organic nutrient effect.
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